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Abstract 
The present study adopted commercial chemical process simulator, Pro/II® V8.1.1, to analyse the system 
performance of Integrated Gasification Combined-Cycle (IGCC) with CO2 capture. There are four major blocks in a 
reference IGCC plant, i.e. air separation unit (ASU), gasification island, gas clean-up unit, and combined-cycle power 
block. Additional water gas shift reaction and CO2 absorption processes are integrated into the gas clean-up system 
for CO2 capture. The feedstock is Kaltim Prima Coal (KPC) from Indonesia, which is generally used in Taiwan, to 
evaluate the data with actual situation in Taiwan. The results show that the efficiency of IGCC is around 42.22% 
(HHV). When 90% CO2 capture is employed in the IGCC, the efficiency is decreased to around 36.74% (HHV). It 
means that the energy penalty of 90% CO2 capture is about 5.48 percentage points. Furthermore, data of 50% CO2 
capture is evaluated to reach the CO2 emission condition close to that of Natural Gas Combined-Cycle (NGCC). 
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1. Introduction 
Taiwan is an isolated island with dense population and limited natural resources, while over 99% of 
domestic energy demand is dependent on import from abroad. The portfolio of electricity generation in 
2010 spreads over coal, gas, oil, nuclear, hydro and renewable (wind, solar, biomass and waste), with the 
portions of 49.91%, 24.61%, 3.83%, 16.85%, 2.94% and 1.86%, respectively [1]. It can be expected that 
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the power generated from fossil fuel will be increased to cover the shortage of electricity supply in the 
future. When energy prices rise, the costs of electricity and petroleum products will also be elevated; then, 
each sector will also be affected by the high energy cost, especially for industrial sector. Hence, 
fluctuations in international energy prices and availability of imported energy supplies could deeply affect 
domestic socio-economic stability [2]. Taiwan government has inaugurated planning to reduce CO2 
emission and made some efforts to accomplish the target since recent years. Due to the fact that CO2 
emission per kW of Natural Gas Combined-Cycle (NGCC) is relatively lower than the counterpart of 
pulverized coal power plant, one of those options is to increase the demand of natural gas in the future. 
In general, it takes several years to construct a liquefied natural gas terminal in Taiwan. It means that it 
is not easily to increase the natural gas supply. Since the price of coal is relatively lower than that of crude 
oil and natural gas, coal is still a major source for generating electricity in Taiwan. It would be beneficial 
to mitigate the CO2 emission with coal-based power plant integrated with CO2 capture and storage (CCS). 
The Integrated Gasification Combined-Cycle (IGCC) is more economic with relatively lower penalty of 
CO2 capture than the counterparts in NGCC and pulverized coal (PC) power plants. United States 
Environment Protection Agency (EPA) proposed carbon pollution standard for future power plants on 
March 27, 2012. EPA proposed that new fossilƮfuelƮfired power plants meet an outputƮbased standard of 
1,000 pounds of CO2 per megawattƮhour (lb CO2/MWh gross) [3]. It could be expected that similar 
regulation will possibly be proposed as well in the future to limit the CO2 emission in Taiwan. It means 
that IGCC with CO2 capture technology provides an alternative option to the government and industry to 
accomplish the CO2 reduction target. 
Gasification is a process that converts carbonaceous solid fuel, such as coal, biomass, petcoke and so 
on, into gaseous fuel which is called synthesis gas or syngas. The main components of the syngas are CO, 
H2, CO2, H2O and pollutants. Syngas can be applied to chemical production such as hydrogen, dimethyl 
ether (DME) and methanol, Fischer-Tropsch process to generate synthetic fuels, IGCC process to 
generate power, and combined chemical production and electricity generation [4]. Although the 
gasification phenomena are complicated to get exact simulation, it is reasonable to simulate final gas 
compositions with gasification reactions under higher temperature by employing ideal thermodynamics in 
system-level simulation models [5-8]. 
Zheng and Furinsky performed system-level simulation study and built an IGCC model to compare 
the effect of four entrained bed gasification technologies and three types of coal on efficiency [9].  It was 
found that the performance of IGCC plant depends on the type of gasifier and the properties of feedstock. 
Later, Zhao et al. adopted software, ASPEN Plus®, to build a simulation model and compare with the 
experimental study of co-gasification with coke and natural gas [10]. The results showed that the co-
gasification reactions operate at quasi-equilibrium.   
In the coal to synthetic natural gas (SNG) using syngas from gasification, Jensen et al. showed the 
system layout and indicated the methane content could reach 97.93 mol% (dry basis) [11]. Duret et al. 
performed a process design study of wood converted to SNG, and showed the thermal efficiency of 
57.9% (LHV) [12]. Heyne et al. investigated the SNG production process and evaluated the system 
performance with two methanation technologies, fixed bed and fluidized bed, under the same output 
condition of SNG of 63.3 MWLHV per 100 MWLHV dry fuel. The results showed that the ratio of power 
production to power consumption in fixed-bed case and fluidized-bed one is 1.23 and 1.21, respectively 
[13].  Later, Heyne et al. further analyzed the system efficiency of SNG process integrated with existing 
combined heat and power plant. The results showed that the isolated SNG-related electricity production is 
increased by a factor of 2.5 for steam dryer alternative, and tenfold for the low-temperature air dryer 
when increasing the thermal integration. In the efficiency improvement study, gasification can be 
employed to combine IGCC with solid oxide fuel cell (SOFC) [14-15], convert solid fuel to liquid fuel 
[16], or produce electricity and chemical products simultaneously [17-19].  
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The present study adopted a commercial chemical process simulator, Pro/II® V8.1.1, to analyze the 
system performance of IGCC with CO2 capture. The system efficiency with various CO2 capture ratio 
was evaluated and the emission criterion of 1,000 pounds of CO2 per megawattϋhour (lb CO2/MWh 
gross) proposed by US EPA was examined. The feedstock is Kaltim Prima Coal (KPC) from Indonesia, 
which is generally used in Taiwan, to evaluate the data with actual situation in Taiwan. The results could 
provide an alternative technology option to mitigate the CO2 emission in Taiwan. 
 
2. Processes Description and Simulation Model 
The system performance of IGCC with CO2 capture was evaluated with the commercial chemical 
process simulator, Pro/II® V8.1.1. There are four major blocks in the IGCC plant, i.e. air separation unit 
(ASU), gasification island, gas clean-up unit, and combined-cycle power block. The CO2 capture unit 
could be included in the gas clean-up unit. In the ASU, the cryogenic air separation is employed to 
produce large quantities of oxygen and nitrogen. In the gasification island, GE entrained-bed gasifier is 
adopted to convert coal to synthesis gas (syngas). The gas clean-up system consists of particle removal, 
COS hydrolysis, H2S absorption, and sulfur recovery. If CO2 capture is integrated in the IGCC, the 
additional water gas shift reaction and CO2 absorption processes are included in the gas clean-up system. 
In the power block, typical combined-cycle from NGCC which is consisted of gas turbine (GT), heat 
recovery steam generator (HRSG) and steam turbine (ST) is employed in the study. The GE 7FB is 
adopted in study to use syngas and hydrogen-rich gas as fuel in the cases of IGCC without and with CO2 
capture, respectively. The feedstock is Kaltim Prima Coal (KPC) from Indonesia, which is generally used 
in Taiwan to evaluate the data with actual situation in Taiwan. 
2.1. Air Separation Unit 
Cryogenic air separation is employed due to the fact that it is the most common technology to produce 
large quantities of oxygen and nitrogen in efficient and cost-effective means. A conventional, multi-
column cryogenic rectifying process, which produces oxygen from compressed air at high recoveries and 
purities, is used in ASU. There are five major unit operations required in ASU to separate air into oxygen 
and nitrogen. An air pre-purification unit located in the downstream of the air compression and after 
cooling removes process contaminants, including water, carbon dioxide, and hydrocarbons. Then, the air 
is cooled to cryogenic temperatures.  Oxygen and nitrogen will be separated after the cooled air is 
distilled. Numerous configurations of heat exchange and rectifying equipment can separate air into the 
required product streams [20]. The ASU delivers oxygen with purity of 95% by volume to the gasification 
island as gasification agent, nitrogen with purity over 99% by volume to the combined-cycle block to 
control the NOx formation. 
2.2. Gasification Island 
Gasification technology can convert organic or fossil-based carbonaceous materials to gaseous fuel 
which is majorly consisted of CO, H2, CO2, and H2O. Gasification reactions are determined by the mass 
transfer phenomena with temperature above 1,100 °C, and the time required for the gasification of a solid 
fuel is under 10 seconds with particle size smaller than 0.1 mm. Thus, for chemical reactions at 
temperature above 1,300 °C, equilibrium approach is adequate to calculate the thermodynamic state [21]. 
The temperature level in an entrained-bed gasifier (the designated reactor in the present study) is well 
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above the aforementioned threshold. In this regard, it is reasonable to adopt Gibbs reactor based on ideal 
thermodynamics to simulate final gas compositions with gasification reactions under higher temperature 
in the processes simulation models [5-8, 22]. 
There are three major gasification reaction equations for gasification reactions, which are listed as 
follows: Equations (1) and (2) are endothermic gasification reactions, while Equation (3) is the 
exothermic CO shift reaction that can decide the ratio of H2 and CO in the syngas.  
 
C + CO2 → 2 CO ΔHrxno = 167 kJ/mol  (1) 
C + H2O → CO + H2   ΔHrxno = 125.4 kJ/mol (2) 
CO + H2O → CO2 + H2  ΔHrxno= - 42 kJ/mol (3) 
 
where ΔHrxno is the heat of reaction at standard temperature and pressure, i.e. 298 K and 1 atm. 
 
The feedstock system is included in the gasification island. Coal is treated into particle with size 
smaller than 0.1 mm and mixed with water as slurry. Then, the slurry is pumped to gasifier and reacted 
with gasification agent to produce syngas. Coal used in the study is Kaltim Prima Coal (KPC) from 
Indonesia. Table 1 shows the proximate and ultimate analyses of KPC. The specific features of KPC are 
low-sulfur and high-carbon constituents. 
Table 1. The properties of Kaltim Prima coal 
Total Moisture % as received 10.5 
Proximate Analysis % air dried basis  
  Moisture 5.0 
  Ash 5.0 
  Volatile Matter 41.0 
  Fixed Carbon 49.0 
Calorific Value kcal/kg  
  Air dried 7,100 
  Gross as received 6,689 
  Net as received 6,389 
Ultimate Analysis (DAF)%  
  Carbon 80.0 
  Hydrogen 5.5 
  Nitrogen 1.6 
  Sulfur 0.7 





2.3. Clean-Up Unit 
In this study, the clean-up system includes two processes: sulfur treatment and CO2 capture. The 
former consists of sulfur compounds removal and sulfur recovery processes, while the latter includes 
water gas shift reaction and CO2 absorption processes. The sulfur removal process is utilized to remove 
H2S from the raw syngas. Hydrogen sulfide (H2S) is usually removed by absorption using ethanolamine 
such as Methyldiethanolamine (MDEA) [23]. The MDEA solvent has higher selectivity for H2S than CO2 
[24]; hence, MDEA is a cost-effective choice in the case without handling CO2. If CO2 handling is taken 
1506   P.-Ch. Chen et al. /  Procedia Engineering  42 ( 2012 )  1502 – 1513 
into consideration, another solvent named “Selexol” (UOP technology) is better than MDEA [25-27]. 
Thus, Selexol solvent was employed in the study to absorb H2S and CO2. 
The elemental sulfur is chosen to produce in the sulfur recovery process from H2S stream. The process 
includes Claus process, hydrogenation process and combustion of tail-gas. The reaction equations are 
listed as follows:  
 
H2S + 3/2 O2 ɦ SO2+ H2O      (4) 
2 H2S + SO2  ɦ 3S + 2 H2O      (5) 
 
From Equation (4), 1/3 of H2S is oxidized to SO2 and generates heat to supply the energy needed in 
Equation (5). Then, the remaining 2/3 of H2S reacts with SO2 to form elemental sulfur. From the 
Equations (4) and (5), it is shown that the molar ratio of H2S/SO2 must be controlled to a value of 2, after 
combusting excess sulfur gas in the Claus process [28]. The SCOT process is used to clean up the tail gas 
from the Claus sulfur recovery unit, and increases the recovery rate of elemental sulfur [29].  
In order to increase the CO2 concentration in the stream to reach higher CO2 capture rate in the IGCC, 
water gas shift reaction is adopted to convert CO and H2O to H2 and CO2. The water gas shift reaction is a 
reversible, slightly exothermic reaction and typically controlled by equilibrium at higher temperature [30].  
The reaction equation is shown as follows: 
 
CO + H2O ↔ CO2 + H2 (6) 
 
The equilibrium constant of water gas shift reaction is approximately 1 at 800 °C, about 10 at 415 °C, 
100 at 240 °C, and 330 at 180 °C. Two-step reaction process is conducted in the water gas shift reaction 
in common industrial processes. The chromium-promoted magnetite based catalyst is used in the first 
reactor with higher temperature. The inlet temperature is in the range between 350 °C to 500 °C. The 
Cu/ZnO or CoMo catalyst is used in the second step reactor with lower temperature. The inlet 
temperature is controlled below 250 °C in order to reduce the CO concentration [19]. In general, the 
outlet stream comprises richer H2 and CO2 gas composition to meet the high purity H2 requirement in the 
industry. But in the study, the composition in outlet gas is adjusted according to the CO2 capture rate. It 
means the H2 concentration in the outlet gas for 90% CO2 capture is higher than the case for 50% CO2 
capture. 
The CO2 capture ratio is defined as the CO2 amount in the stream from CO2 capture unit divided by the 
total CO2 amount calculated from feedstock based on fully combustion. 
2.4. Power Block (Combined-cycle) 
The combined-cycle which is generally fed with natural gas is employed in the study to generate 
electricity. Combined-cycle integrates the Brayton and Rankine cycles to achieve higher system 
efficiency, and includes three major parts that are GT, HRSG and ST. It can be easily verified with the 
commercial product, for example, the values of efficiency (LHV) for simple-cycle and combined-cycle of 
7FA series with natural gas feed proved by General Electric (GE) Company are 36.5% (heat rate 9,873 
kJ/kWh) and 56.1% (heat rate 6,424 kJ/kWh), respectively [30]. The system efficiency of an IGCC 
depends closely on the characteristics of gas turbine. In the four existing commercial-scale IGCC demo 
plants commissioned in mid-1990s, GE 7FA was implemented in the two plants located in US, while the 
other two in Europe adopted Siemens v94.x.  
The upgraded derivative, GE 7FB, from previous GE 7FA was modified from natural gas feed to 
syngas feed after decades of technology development to improve the efficiency of IGCC. The GE 7FB 
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can be regarded as the present state-of-the-art turboset with syngas feeding in the 60-Hz market. Hence, 
this machine has been chosen by various IGCC projects inaugurated in past few years. The most 
important one is the commercial scale of 630 MW IGCC plant with GE 7FB GT which was announced to 
be constructed by Duke Energy in 2007, and expected to begin commercial operation in 2012 [31].  
The type of gas turbine simulated in the study is the GE 7FB fed with syngas, following the report 
published from US national energy technology laboratory (NETL) at 2011 [32]. The turbine inlet 
temperature for 7FB in the study is 1,371°C, and the steam conditions of HP, IP and LP of the steam 
turbine are 9.85 MPa/537°C, 2.65 MPa/537°C and 0.7 MPa/327°C, respectively [33-34].  
 
The system layout is shown in figure 1. The ASU, gasification island, gas clean-up unit with CO2 
capture, and combined-cycle power block was built in the simulation model with the chemical process 
simulator, Pro/II® V8.1.1. The system efficiency with various CO2 capture rate was conducted with the 
simulation model.  
 
 
Fig. 1. Flow diagram of IGCC with CO2 capture 
3. Results 
There are three cases investigated in the study, including typical IGCC, IGCC with 50% CO2 capture 
and IGCC with 90% CO2 capture, respectively. The latter two are cited as carbon capture ready (CCR) 
cases hereafter. The typical IGCC case is the based one which is used to calculate the penalty for CO2 
capture. The case of IGCC with 50% CO2 capture is evaluated to meet the requirement proposed by US 
EPA and the CO2 emission is similar to that of NGCC. The case of IGCC with 90% CO2 capture is 
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performed to reduce CO2 emission further, which is the general operation conditions expected to 
commercialize. The features of three cases are described in the following sections. 
3.1. Typical IGCC case 
As mentioned previously, the feedstock is KPC from Indonesia, which is then converted to raw syngas 
in the gasifier. The raw syngas is delivered to clean-up unit for removing sulfur compound and recovering 
elemental sulfur as major bypass product. The clean syngas is subsequently fed to combined-cycle, 
comprising GE 7FB GT, HRSG and ST to generate electricity. Finally, flue gas is exhausted from HRSG 
to the atmosphere.  
The performance summary is shown in Table 2. The flow rate of KPC is 100 t/h, the power output of 
GT and ST are 232.00 MW and 138.18 MW, respectively. The gross output is 374.83 MW and the gross 
efficiency is 50.75% based on high heating value (HHV). Generally, the auxiliary load in the IGCC is 
relatively higher than the counterpart in pulverized coal power plant. The major power consumption is the 
electricity needed in ASU, which occupies nearly 70% of auxiliary load in IGCC. The power is used to 
compress air to higher pressure; then, air is cooled down to cryogenic temperatures to separate oxygen 
and nitrogen in the distillation columns. Consequently, the net output is decreased from 374.83 MW to 
311.78 MW. 
Table 2. Performance summary of typical IGCC 
Performance Summary Unit 0% CCR 
Ambient Temperature(Site Condition) °C 25 
Coal Flow Rate  t/h 95 
Coal HHV  kJ/kg 27,987 
Thermal Energy of Feedstock (Based on Coal HHV) (A) MWt 738.54 
Gas Turbine Power MWe 232.00 
Sweet Gas Expander Power MWe 4.65 
Steam Turbine Power MWe 138.18 
Gross Power (B) MWe 374.83 
Power Consumption ġ  ġ  
Process Units Consumption MWe 18.92 
ASU Consumption MWe 44.12 
Total Power Consumption MWe 63.05 
Net Power  (C ) MWe 311.78 
Gross Efficiency (B/A *100)(Based on Coal HHV) % 50.75 
Net Efficiency (C/A *100)(Based on Coal HHV) % 42.22 
 
3.2. IGCC with 50% CO2 capture 
Additional water gas shift reaction and CO2 absorption processes are included in the clean-up unit for 
CO2 capture. The raw syngas from gasification island goes to COS hydrolysis reactor for converting COS 
to H2S. Then, the stream passes two steps of water gas shift reactor (WGSR) to increase the CO2 
concentration to meet the capture ratio. The H2S is removed in the absorption column and CO2 is 
removed later in another one. In this case, the mass flow rate of Selexol solvent needed to remove H2S is 
higher than the counterpart for CO2 removal. When Selexol is regenerated in the stripper column to 
release H2S, partial amount of the solvent divided in the splitter is delivered to the CO2 absorber column 
to perform CO2 capture. Then, the partial amount of Selexol after regeneration from CO2 capture process 
goes back to the mixer to provide the sufficient flow rate to absorb the H2S. Finally, the clean syngas is 
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delivered to the combined-cycle for electricity generation.  The clean syngas is consisted of CO 23%, H2 
68%, H2O 0.28%, and others 8.72%. It is shown that the hydrogen composition is higher than the 
counterpart of typical IGCC, due to the additional CO2 and H2 produced from water gas shift reactor.  
The flow rate of clean syngas which is fed to combined-cycle in the case of 50% CO2 capture is lower 
than that of typical IGCC with the same coal feeding rate. Hence, it is necessary to increase the coal flow 
rate in the former to maintain the same power output as the latter. Besides, air and nitrogen are also 
slightly increased to compensate the loss of CO2 mass in the CO2 capture process.  
The performance summary is shown in Table 3. Due to the effect of CO2 capture, the net system 
efficiency is decreased to 38.96%HHV from 42.22%HHV in typical IGCC. It means that the penalty for 50% 
CO2 capture is near 3.26 per cent point efficiency loss.  
 
Table 3. Performance summary of IGCC with 50% CO2 capture 
Performance Summary Unit 50% CCR 
Ambient Temperature(Site Condition) °C 25 
Coal Flow Rate  t/h 100 
Coal HHV  kJ/kg 27,987 
Thermal Energy of Feedstock (Based on Coal HHV) (A) MWt 777.41 
Gas Turbine Power MWe 232.00 
Sweet Gas Expander Power MWe 4.85 
Steam Turbine Power MWe 132.09 
Gross Power (B) MWe 368.94 
Power Consumption ġ  ġ  
Process Units Consumption MWe 20.22 
ASU Consumption MWe 45.81 
Total Power Consumption MWe 66.03 
Net Power  (C ) MWe 302.92 
Gross Efficiency (B/A *100)(Based on Coal HHV) % 47.46 
Net Efficiency (C/A *100)(Based on Coal HHV) % 38.96 
 
 
3.3. IGCC with 90% CO2 capture 
The system layout in this case is the same as the 50% CO2 capture. The major differences are the 
situation that Selexol mass flow rate in CO2 capture process is higher than the counterpart for H2S 
removal, and the composition of the clean syngas. The Selexol mass flow rate increases in the CO2 
capture process to reach the 90% CO2 capture target. Thus, partial amount of Selexol is taken from the 
stripper column in CO2 capture process and delivered to H2S removal process to absorber the H2S. The 
regenerated Selexol goes back to the mixer to meet the required flow rate in CO2 capture process. The 
syngas fed to combined-cycle in the case of 90% CO2 capture is primary hydrogen-rich gas, in which the 
hydrogen concentration is higher than 90% mol.  
As mentioned in previous case of 50% CO2 capture, the flow rates of coal, air and nitrogen are also 
increased to adjust the same power output as typical IGCC. The performance summary is shown in Table 
4. The net system efficiency is decreased to 36.74%HHV from 42.22%HHV in typical IGCC. It means that 
penalty for 90% CO2 capture is near 5.48 percent points efficiency loss. 
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Table 4. Performance summary of IGCC with 90% CO2 capture 
Performance Summary Unit 90% CCR 
Ambient Temperature(Site Condition) °C 25 
Coal Flow Rate  t/h 105 
Coal HHV  kJ/kg 27,987 
Thermal Energy of Feedstock(Based on Coal HHV) (A) MWt 816.28 
Gas Turbine Power MWe 232.00 
Sweet Gas Expander Power MWe 4.95 
Steam Turbine Power MWe 131.29 
Gross Power (B) MWe 368.25 
Power Consumption ġ  ġ  
Process Units Consumption MWe 21.30 
ASU Consumption MWe 47.02 
Total Power Consumption MWe 68.32 
Net Power  (C ) MWe 299.93 
Gross Efficiency (B/A *100)(Based on Coal HHV) % 45.11 
Net Efficiency (C/A *100)(Based on Coal HHV) % 36.74 
 
4. Discussion 
The input and output conditions of combined-cycle in the three cases are shown in Table 5. The three 
gas streams which are syngas, air and nitrogen, are fed to the gas turbine to generate electricity. As the 
CO2 capture ratio increases, the flow rate of syngas decreases, and the flow rates of air and nitrogen 
increases. Those adjustment changes are used to maintain the gas turbine power output at the same value. 
The additional steam is coming from the gasification island, where it is generated from the radiant syngas 
cooler to recovery the heat in the raw syngas with temperature over 1,300°C. Because the flow rate of 
coal increases as the CO2 capture ratio increases, the flow rate of additional steam also increases. The flue 
gas temperature in the inlet of HRSG decreases as CO2 capture ratio increases, which affects the amount 
of steam generated in HRSG. The overall throughput in steam turbine is decreased as CO2 capture ratio 
increases, although the additional steam is increased.  
 
Table 5. Composition of syngas fed to combined-cycle in the three cases 
ġ Unit 0% CCR 50% CCR 90% CCR Syngas Air Nitrogen Syngas Air Nitrogen Syngas Air Nitrogen 
Temperature °C 177 432 196 177 432 196 176 432 196 
Pressure kPa 1,875 1,875 1,875 1,875 1,875 1,875 1,875 1,875 1,875 
Flow Rate kg/hr 170,102 1,508,459 209,025 104,317 1,578,232 216,014 43,159 1,773,064 217,920 
Flow Rate kg-mol/hr 8,579 52,286 7,462 8,966 54,704 7,711 9,155 61,457 7,779 
Composition ġ  ġ  ġ  ġ  ġ  ġ  ġ  ġ  ġ  ġ  
  CO ġ  0.54 0.00 0.00 0.23 0.00 0.00 0.01 0.00 0.00 
  CO2 ġ  0.08 0.00 0.00 0.08 0.00 0.00 0.05 0.00 0.00 
  H2 ġ  0.36 0.00 0.00 0.68 0.00 0.00 0.92 0.00 0.00 
  H2O ġ  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
  N2 ġ  0.02 0.79 1.00 0.02 0.79 1.00 0.02 0.79 1.00 
  O2 ġ  0.00 0.21 0.00 0.00 0.21 0.00 0.00 0.21 0.00 
 
The CO2 emission is 757 g-CO2/kWh in the typical IGCC, which is slightly lower than that in 
pulverized coal power plant because of the higher efficiency. For the case of IGCC with 50% CO2 capture, 
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the CO2 emission is 410 g-CO2/kWh. The value is close to the emission from NGCC, and below the 
target value of 453.5 g-CO2/kW-gross (1,000 lb CO2/MWh gross) proposed by US EPA. It is needed to 
mention that the value from EPA is based on gross power output. It means the emission value in this case 
could be further down to 336 g-CO2/kWh-gross from the 410 g-CO2/kWh-net. Since the CO2 emission 
value based on net power output is commonly used in most studies, this study presented the CO2 emission 
value based on net power output to avoid confusion compared with other data. Moreover, the CO2 
emission value could be further down to 87 g-CO2/kWh in the case of IGCC with 90% CO2 capture, 
which is the general commercial design specification in the new power plants with CO2 capture. The 
value is far less than the limited value proposed by US EPA.   
At present, the system efficiency in the cases of CO2 capture may be slightly higher than other studies. 
The reason is the specification of CO2 stream to storage. In the study, the purity of captured CO2 is 
99%mol and the pressure is atmosphere. If CO2 stream is needed to be compressed to higher pressure for 
transportation, the auxiliary load is increased. For example, if the pressure of CO2 stream is set as 15 MPa 
in the 90% capture case, the auxiliary load is increased by 26%, and the system efficiency is decreased to 
34.55%. It means near 2.19 per cent points penalty in CO2 compression. 
5. Conclusion 
The present study performed three cases of typical IGCC, IGCC with 50% and 90% capture. In the 
typical IGCC case, the results show that the power output of gas turbine, steam turbine and syngas 
expander are 232.00 MW, 138.18 MW and 4.65 MW, respectively. The net electrical power output is 
around 311.78 MW and the net efficiency is 42.22%HHV. When the CO2 capture is taken into 
consideration, the power output in steam turbine decreases due to the temperature of exhaust gas from gas 
turbine is decreased.  
The CO2 emission of typical IGCC, IGCC with 50% and 90% capture are 757 g-CO2/kWh, 410 g-
CO2/kWh, and 87 g-CO2/kWh, respectively. The corresponding efficiency of these cases are 42.22%HHV, 
38.96%HHV, and 36.74%HHV, respectively. It means that the penalties for 50% and 90% CO2 capture are 
3.26 and 5.48 per cent points’ loss, respectively. The case with 50% CO2 capture shows similar CO2 
emission performance to the NGCC and provides a design option to meet the CO2 emission requirement 
of the upcoming regulation. The CO2 emission could be further reduced with 90% CO2 capture which is 
generally adopted in the planning for commercial plants announced in recent years. 
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